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Abstract: 

Infrared emission spectra of thin polymer layers on flat aluminum 
plate have been measured using Fourier transform infrared 
spectrometry. The detection limit of Fourier transform infrared 
emission spectrometry (FT-IR-EMS) was found to be comparable with 
that of Fourier transform infrared reflection absorption spectrometry 
(FT-IR-RAS) when an emission ray was collected at a viewing angle of 
70°. The merits of FT-IR-EMS over FT-IR-RAS were demonstrated in 
the measurement of nonflat surfaces. The residual lubricant on steel 
tire cords could be detected efficiently by the FT-IR-EMS mode. The 
linear relationship found between the relative emission intensity and 
the thickness of film represents the possibility for a quantitative 
analysis of a thin overlayer on metal surface. 
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0.922 nm, facilitating sulphur analysis simultaneously 
with that of other elements of interest. 

ACKNOWLEDGMENTS 

Financial support by the University of Alberta and the Natural Sci- 
ences and Engineering Research Council of Canada is gratefully ac- 
knowledged. 



1. D. L. Windsor and M. B. Denton, J. Chrom. Sci. 17, 492 (1979). 

2. D. L. Windsor and M. B. Denton, Appl. Spectrosc. 32, 366 (1978). 

3. J. G. Speight and S. E. Moschopedis, "The Influence of Crude Oil 
Composition on the Nature of the Upgrading Process: Athabasca 
Bitumen," 1st International Conference on the Future of Heavy 
Crude and Tar Sands, Edmonton, Alberta, 1979. 

4. S. K. Hughes and R. C. Fry, Appl. Spectrosc. 35, 493 (1981). 

5. S. K. Hughes, R. M. Brown, and R. C. Fry, Appl. Spectrosc. 35, 
396 (1981). 

6. R. C. Fry, S. J. Northway, R. M. Brown, and S. K. Hughes, Anal. 
Chem. 52, 1716 (1980). 

7. S. K. Hughes and R. C. Fry, Anal. Chem. 53, 1111 (1981). 



8. M. W. Blades and M. Decker, Paper #91, Pacific Conference on 
Chemistry and Spectroscopy 1982, San Francisco, California (1982). 

9. M. W. Blades and P. Hauaer, Anal. Chira. Acta, in press. 

10. G. Horlick, R. H. Hall, and W. K. Yuen, "Atomic Emission Spec- 
trochemical Measurements with a Fourier Transform Spectrom- 
eter," in Fourier Transform Infrared Spectroscopy, J. R. Ferraro, 
L. J. Basile, and A. Mantz, Eds. (Academic Press Inc., New York, 
1982), Vol. Ill, pp. 37-81. 

11. G. Horlick, Appl. Spectrosc. 30, 113 (1976). 

12. A. N. Zaidel, V. K. Prokofer, S. M. Raiskii, V. A. Slavnyi, and E. 
Ya. Schreider, Table of Spectral Lines (IFI/Plenum Publishers, 
New York, 1970), 3rd ed. 

13. S. Bashkin and J. 0. Stoner, Jr., Atomic Energy Levels and Gro- 
trian Diagrams, (North Holland, Amsterdam, 1975), Vol. 1. 

14. E. H. Choot and G. Horlick, Paper #124, Pittsburgh Conference, 
Atlantic City, New Jersey (1981). 

15. S. Greenfield, I. L. Jones, H. M. McGeachin, and P. B. Smith, 
Anal. Chim. Acta 74, 225 (1975). 

16. A. Montaser and J. Mortazavi, Anal. Chem. 52, 225 (1980). 

17. J. Jaros2 and J. M. Mermet, J. Quant. Spectrosc. Radiat. Transfer 
17, 237 (1977). 

18. E. D. Salin and G. Horlick, Anal. Chem. 52, 1578 (1980). 



Application of Fourier Transform Infrared Emission 
Spectrometry to Surface Analysis 

Y. NAGASAWA and A. ISHITANI 

Toray Research Center, Inc., Sonoyama, 1-1, 1-Chome, Otsu, Shiga 520 Japan 



Infrared emission spectra of thin polymer layers on flat aluminum 
plate have been measured using Fourier transform infrared spectrome- 
try. The detection limit of Fourier transform infrared emission spec- 
trometry (FT-IR-EMS) was found to be comparable with that of Fourier 
transform infrared reflection absorption spectrometry (FT-IR-RAS) when 
an emission ray was collected at a viewing angle of 70°. The merits of 
FI'-IR-EMS over FT-IR-RAS were demonstrated in the measurement 
of nonflat surfaces. The residual lubricant on steel tire cords could be 
detected efficiently by the FT-IR-EMS mode. The linear relationship 
found between the relative emission intensity and the thickness of film 
represents the possibility for a quantitative analysis of a thin overlayer 
on metal surface. 

Index Headings: Infrared emission spectrum; Fourier transform in- 
frared spectroscopy; Surface analysis. 



INTRODUCTION 

Fourier transform infrared spectrometry (FT-IR), with 
its high sensitivity, allows for the detection of a thin 
layer on metal surface. We have previously presented 
the application of FT-IR to the measurements of the 
mono-molecular layer of cadmium arachidate on glass 
with the FT-IR-ATR mode 1 and also of the oxide layer 
on a copper plate with the infrared reflection absorption 
spectrometry (FT-IR-RAS) mode. 2 The infrared emis- 
sion spectrometry (FT-IR-EMS) is another choice of 
measurement mode for studying vibration spectra of 
surface species. 
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The interferometer was utilized for the emission mea- 
surement of weak infrared radiation from a wide variety 
of materials such as minerals and rock specimens in the 
early stage of the development. 3 The first attempt to 
apply FT-IR-EMS to surface analysis was made by 
Low and Coleman. They observed the emission spec- 
trum of oleic acid on aluminum foil. 4 Griffiths measured 
the emission spectra of thick and thin films of silicone 
grease on aluminum sheets and found that the charac- 
teristic bands of silicone could be seen in the thin film 
whereas they were smeared out by the reabsorption 6 in 
the thick film. The emission technique coupled with FT- 
IR was also used to study absorbed species in a catalytic 
process. 6 A problem in extending the emission technique 
to surface analysis is the 3trong background emission 
which superimposes on a weak emission from surface. 7 
Durana improved the technique by cooling the spec- 
trometer and sample chamber in order to decrease the 
competing background emission and also the spectral 
noise. 8 She could obtain the spectrum of polymethyl- 
methacrylate of 38-A thickness on an evaporated gold 
film, although the method requires too much elaboration 
from practical point of view. 9 Recently Greenler calcu- 
lated the angular distribution of the intensity of the 
emission from molecules adsorbed on metal surface. He 
concluded that the coherent emission from an oscillator 
dipole normal to a metal surface showed the intensity 
maximum when the viewing angle is between 70° and 80° 
from the normal. On the other hand the emission inten- 
sity in the direction normal to the surface is approxi- 



168 



Volume 38, Number 2, 1984 



0003-7028/84/3802-0168*2.00/0 

© 1884 Society for Applied Spectroscopy 



APPLIED SPECTROSCOPY 



Optical Diagram of FT-IFt-EMS 




wzzzzzm 



DETECTOR 




Fig. 1. The optical alignment of the sample 



raately zero because of the destructive interference be- 
tween the light coming directly from adsorbed molecules 
and the reflected light from the interface to the metal 
substrate. 10 Suetaka suceeded in obtaining the emission 
spectrum of polyvinylacetate and also aluminum oxide 
on aluminum at a viewing angle of 80° by applying the 
polarization modulation technique to IR-EMS." 

In this paper, we describe the results of emission spec- 
tra obtained in our laboratory using a viewing angle of 
70°. We first have checked the surface sensitivity of the 
technique with poly-acryronitrile co-styrene thin films 
on aluminum. We also have extended the emission tech- 
nique to rough metal surfaces, such as steel tire cords 
and copper wires. The adhesion of the brass-plated steel 
tire cord to rubber is one of the important properties of 
steel belted radial tires. 12 The effect of the presence of 
residual drawing lubricant on the cords on the adhesion 
behavior has not been investigated with IR spectrome- 
try before the present work. We will discuss the poten- 
tiality of this technique to nonflat surfaces making use 
of the example of the steel tire cords. 

EXPERIMENTAL 

Spectrometer. Digilab Model FTS-20B/D with a spe- 
cial attachment described later was used in our experi- 



ments. Typically 800 to 1000 scans were accumulated at 
the resolution of 8 cm -1 . The TGS (triglycine sulfate 
detector) was replaced by MCT (mercury cadmium tel- 
luride detector) because the latter was found to give an 
improved signal-to-noise ratio in the emission mode. In- 
frared reflection absorption spectra were obtained with 
the FT-IR-RAS attachment described in the previous 
paper 2 to compare with the emission spectra. 

Sample Preparation. An aluminum plate of 50 X 30 
mm size was polished to a mirror finish with a metal 
polish (PIKAL), cleaned with a soap solution, washed 
in an ultrasonic cleaning bath with a detergent, acetone, 
n-hexane, and chloroform, successively. Then the plate 
was dipped into a chloroform solution of poly-acryroni- 
trile co-styrene (PAS) and drawn out with a constant 
velocity to coat a thin polymer film. The resultant thick- 
ness of polymer films controlled by both the polymer 
concentration and the drawing velocity was determined 
by uv light absorbance at 260 nm of chloroform solution 
prepared from the film of the measured area. Copper 
wire, 2 mm in diameter, was cut 30 mm in length and 
also coated by PAS film in a way similar to that de- 
scribed above for the aluminum plate. 

Brass-plated steel tire cords (5 X 0.3) were also cut 
into 30 mm lengths and washed with acetone in the ul- 
trasonic bath. A small amount of the lubricant which 
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Pig. 2. Dependence of emission intensity on the sample temperature. 



contained 0.1 g of organic solutes and 0.11 mg of am- 
' monium phosphate in 1 mL of aqueous solution was ap- 
plied on the tire cord. The average thickness of the lu- 
bricant layer was estimated from the surface area of the 
cords and a volume of the used lubricant. 

The infrared light source was replaced with a sample 
with heating equipment in the emission experiment as 
indicated in Fig. 1. A variable temperature cell holder 
produced by Hitachi Ltd. was used with slight modifi- 
cation within the temperature range between 80 and 
190°C with accuracy of ±1°C. 

Sample Heating Stage. The sample holder was tilted 
and fixed at a viewing angle of 70° for a flat sample to 
get a high signal-to-noise ratio according to Greenler's 
calculation (see Fig. 1). Nonfiat samples such as tire cords 
and wires were mounted on a copper block and put into 
the holder in the usual vertical position. 

Ratio Spectra. In our experiment a single beam spec- 
trum of the sample is ratioed against one of the emission 
from the substrate to obtain a spectrum of a thin layer 
on metal. When attempting to obtain the weak emission 
spectrum, the emission from the beamsplitter which 
constitutes a substantial fraction of the background sig- 
nal has to be subtracted from both the sample and the 
substrate single beam spectra before being ratioed. Thus 
the emittance, c, is defined as 

I,-I b 
' h-h 

where /, denotes the intensity of a single beam emission 
from the sample, I R denotes that from the reference sub- 
strate, and I b denotes the intensity of the background 
emission from the beamsplitter. 

RESULTS AND DISCUSSION 

In order to confirm that the emission measured is real- 
ly coming from the heated samples, the dependence of 
emissivity on the sample temperature was checked. The 
1455 cm" 1 band from PAS of 3000-A thickness on 
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Fio. 3. Thermal decomposition of a sample (PAS) in high tempera- 



aluminum foil was used for the purpose. The linear de- 
pendence of the exponential of emissivity on the inverse 
of temperature shown in Fig. 2 indicates clearly that 
emission intensity is proportional to the population of 
the vibrationally excited state determined by the Boltz- 
mann distribution law, thus guaranteeing authenticity 
of the experiment. 

Higher temperature is desirable for the better signal- 
to-background ratio in the emission spectroscopy. Fig- 
ure 3 shows an example of high temperature measure- 
ment of PAS of 3000-A thickness on aluminum foil 
at 190°C. Spectra of considerably good quality could be 
obtained at this temperature. However, a band at 1690 
cm -1 grows with duration of time. It is safely assigned 
as the stretching band of acetophenone type carbonyl 
formed by thermal oxidation. 19 This indicates that the 
emission measurement should be done at lower than 
150°C for most of the organic polymers. 

In order to examine the surface sensitivity of FT-IR- 
EMS, thin films of PAS of different thickness on the 
aluminum foil were measured as indicated in Fig. 4. The 
characteristic bands of PAS at 700, 760, 1450, and 1500 
cm - 1 are clearly observed even in the thinnest film of 
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Fig. 4. Emission spectra of thin films of PAS. 

170-A thickness. There is interference at 875 cm -1 due 
.to the emission from Ge0 2 on the surface of the beam- 
splitter. It is difficult to subtract this band completely 
out because the beamsplitter is kept as 40°C in order to 
prevent water vapor deposition, and its temperature 
more or less fluctuates. The graphical representation of 
the relative emission intensity of the 700 cm -1 band of 
PAS as a function of the film thickness is given in Fig. 
5. The linear relationship suggests that the fraction of 
the emission energy absorbed in the path of polymer 
film is negligibly small under 1000 A, although there is 
tendency for saturation of intensity due to reabsorption 
over 1500 A. From the observation it can be safely con- 
cluded that IR spectrum of down to 100 A PAS film can 
be measured with the FT-IR-EMS mode with the view- 
ing angle of 70°. The detection limit here is comparable 
with that of RAS described in the previous paper. 2 

FT-IR-EMS and FT-IR-RAS are more or less com- 
peting techniques as methods for thin layer analysis on 
metals because, as established above, the surface sensi- 
tivities are in a comparable range. Advantage of EMS 
over RAS is expected in nonflat samples. There is con- 
siderable decrease in reflecting light intensity and also 
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Fig. 5. Dependence of emission intensity on thickness of tho thin 
polymer films on aluminum. 

lack of a well-defined angle of reflection in rough or non- 
flat surfaced samples. These conditions are unfavorable 
for RAS, whereas there is no such rigid restriction for 
EMS. 
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Fig. 6. Comparison between FT-IR-EMS and FT-IR-RAS for a thin 
polymer film coated on copper wires. 
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Fig. 7. An FT-IR-EMS spectrum of the thin lubricant film on steel 
tire cord surface. 



Comparison between the two modes of measurement 
on exactly the same nonflat sample, PAS of 3000-A 
thickness on the copper wires of diameter, is shown 
in Fig. 6. The improved signal-to-noise ratio and the 
better background flatness of EMS compared with PAS 
are obviously observed in the spectra. 

As an example of real samples to be analyzed effec- 
tively by FT-IR-EMS, measurement of a lubricant on 
brass-plated steel tire cords was tried. Influence of the 
residual lubricant on the steel tire cords on adhesion to 
rubber has become a center of interest, after the effects 
of elemental composition and oxidation states of copper 
and zinc on brass surface were well understood. 

An example of the measured spectra is shown in Fig. 
7 for a sample of the lubricant with thickness of 1800 A. 
The quality of the spectrum is reasonably good for a 
thin film of irregular shape and it also agrees well with 
the transmission absorption spectrum of a liquid film of 
the same sample on KRS-5 plate. The observed bands 
are summarized and assigned in Table I. The lubricant 
seems to have hydrocarbon, ester, amide, carboxylate, 
ammonium ion, and phosphate ion from the identified 
functional groups. It agrees well with frequently used 



TABLE 1. Assignment of the observed emission bands from the lu- 
bricant on the steel tire cords. 

Frequency Assignment 

1735 cm-' »C = 0 
1650 cm -1 amide 1 
1550 cm"' amide 2, * COO" 
1455 cm-' 6 CH S 
1400 cm- » NH/, » COO" 
1370 cm-' i.CH 3 
1250 cm-' v C-0 
1105-1125 cm-' y 3 (P(V-) 
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Fic. 8. FT-IR-EMS spectra of the lubricant of various thickness on 
steel tire cords compared with a transmission absorption spectrum of 
the same sample on a KRS plate. 

composition of a lubricant. The carboxylate observed is 
considered to be generated from a carboxylic acid in the 
lubricant by reaction with brass surface. The band of 
phosphate ion shifts from 1090 cm' 1 in the absorption 
spectrum to 1120 cm -1 in the emission spectrum. The 
shift may be interpreted again by the interaction of 
phosphate ion with brass surface. 

The emission spectrum has an intense band of Ge0 2 
at 890 cm - ' due to the beamsplitter, although the sub- 
traction in the single beam spectra is done as described 
before. We have also tried subtraction in the interfero- 
gram stage as suggested by Kember, 14 but Ge0 2 emission 
was not eliminated efficiently. 

The emission spectra of the lubricant with varying 
thickness are shown in Fig. 8 together with a transmis- 
sion absorption spectrum of a liquid film on a KRS plate. 
Plotting of emissivity of the 1455 cm -1 band against the 
thickness in Fig. 9 reveals a linear relationship. This 
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CONCLUSION 

This study has shown that FT-IR-EMS had surface 
sensitivity good enough for detecting ca. 100-A thick 
polymer thin films on metals. It is comparable to FT- 
IR-RAS. FT-IR-EMS is indicated to have advantage over 
FT-IR-RAS in nonflat or rough-surfaced samples such 
as wires and steel tire cords. The semiquantitative anal- 
ysis of thin layers is also possible with the technique. 



thickness (A) 

:e of emiasivity of 1455 cm" 1 band of the lubricant 



indicates potentiality of the technique for the semi- 
quantitative analysis. 
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Fourier Transform Infrared Spectroscopy as a 
Powerful Tool for the Study of 
Carbohydrates in Aqueous Solutions 

D. M. BACK, D. F. MICHALSKA, and P. L. POLAVARAPU* 

Department of Chemistry, Vanderbilt University, Nashville, Tennessee 37235 



FT-IR spectral investigations on carbohydrates were undertaken in 
aqueous media in order to facilitate the assignments of vibrational bands. 
For pure anomeric forms of glucose, FT-IR spectra obtained as a func- 
tion of time revealed many changes in spectral content, providing new 
information about anomer characteristic bands in aqueous media. It was 
also found that fructose, which is known to undergo complex mutaro- 
tation, exhibits two types of spectral changes, whereas glucose, which 
undergoes simple mutarotation, shows a single type or spectral change. 
Thus FT-IR spectral investigations in aqueous carbohydrates should be 
able to distinguish between simple and complex mutarotation cases. As 
a vibrational spectroscopic technique, the importance of FT-IR spec- 
troscopy is further emphasized by showing that Raman spectroscopy is 
not sensitive enough to reveal the structural changes of carbohydrates 
in aqueous media. 

Index Headings: Fourier transform infrared; Carbohydrates; Raman 
spectroscopy. 
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INTRODUCTION 

Infrared spectroscopy has been employed to investi- 
gate the structural details of carbohydrates since the 
beginning of this century, 1 The early studies have em- 
ployed the samples either in KBr disc or mull form and 
provided information to identify the absorption bands 
characteristic of the anomeric configuration in the solid 
state. This early work is summarized in three different 
reviews. 2 - 4 The infrared studies in aqueous carbohydrate 
solutions, however, have not been undertaken system- 
atically, perhaps due to the belief that strong absorption 
of infrared radiation by water might not permit useful 
investigations. This problem is generally felt more seri- 
ously with dispersive infrared spectrometers than with 
Fourier transform infrared (FT-IR) spectrometers ow- 
ing to less light throughput in the former. The avail- 
ability of water-insoluble windows did attract 6 infrared 
investigations in aqueous solutions, but the advantages 
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